To determine the independent influence of the extent and site of residual disease on late survival, we analyzed the fate of 1448 consecutive patients who had coronary artery bypass surgery during 1968-1974. There were 1274 males, mean age 53.4 + 8 years (range 24-75 years). Females were excluded from further analysis. Two hundred twenty-six patients (17.7%) had one-vessel disease, 492 (38.6%) had two-vessel disease, 408 (32.0%) had three-vessel disease and 148 (11.6%) had left main stenosis. Survival was determined at a follow-up of at least 5 years.
EARLY in our experience with coronary bypass, we observed, as did others, that operation in patients with multivessel coronary disease appeared to have a more favorable outcome when multiple grafts were placed.'-' Thus, the concept developed that if all significant coronary lesions were bypassed, i.e., complete revascularization was achieved, superior relief of symptoms and enhanced survival would result.
However, the validity of this concept is difficult to prove, particularly with regard to survival. Incomplete revascularization has been more likely to occur in patients with other variables known to affect survival adversely, such as extensive multivessel coronary disease, which itself is associated with higher prevalence of poor left ventricular function. 7 Therefore, despite observations that suggest the benefits of complete revascularization,6 ' analysis of the influence of residual disease on survival according to the presence or absence of residual disease alone, without adjustment for other variables, may not provide an accurate assessment of the influence of residual disease on survival. Furthermore, the influence of residual disease of specific vessels has not been examined.
The aim of this study was to determine whether residual disease itself is an important independent variable affecting survival and, if so, to determine the influence on survival of the varying extent and site of residual disease.
Materials and Methods A residual lesion was defined as the presence of a luminal stenosis causing more than a 70% reduction in diameter in a major coronary artery without a bypass graft attached distal to it. For example, a patient with two-vessel disease who had received two grafts was classified as having no residual disease, whereas if only one graft had been placed, one residual lesion was considered present. Thus, residual disease could consist either of small or diffusely diseased vessels that were inoperable or of vessels of good size, suitable for grafting, that were not operated upon. Because all of the patients in this study were referred, evaluated and operated upon by one cardiology group and surgeon in the same institution using constant surgical techniques, the prevalence of truly ungraftable vessels was assumed to be constant throughout the period of this study. All angiograms from the 1968-1971 group were reviewed and reclassified in 1975 by the same cardiologists. At that time, many operable but ungrafted vessels were identified in this early group of patients. 8 The increase in the number of grafts placed during the later period of this study was a result of the failure to bypass many of these operable vessels in the initial experience and an explicit decision to perform more grafts in patients with multivessel disease in the subsequent experience. This decision and the reasons for placing more grafts were reported at that time.' For these reasons, while the number of grafts placed increased during the study period, the assumption that the amount of residual disease due to inoperable vessels remained constant throughout this study was considered valid.
This study is based on an analysis of 1274 male patients derived from a series of 1448 consecutive patients who underwent coronary bypass surgery for symptomatic coronary artery disease between 1968 and 1974. The mean age of these men was 53.4 + 8.0 years (range 24-75 years). Male and female survival was similar at 5 years of follow-up ( fig. 1 ). The 174 females have been withdrawn from further consideration in order to simplify statistical analysis.
The series of patients analyzed included both elective and emergency operations. No patients were excluded retrospectively from the analysis of the surgical series because of severity of left ventricular dysfunction. Patients with left ventricular aneurysms were included. The clinical features of many of these patients have been described in detail.' 7 9 For the purpose of this study, the coronary circulation was considered to consist of four major vessel systems: the left main, right, left anterior descending and circumflex coronary arteries. A coronary stenosis that caused more than a 70% reduction in luminal diameter was present in one vessel in 226 patients (17.7%) , two vessels in 492 (38.6%) and three vessels in 408 patients (32.0%), and more than 50% reduction was present in the left main coronary artery in 148 patients (1 1.6%).
Three categories of left ventricular function were defined. Left ventricular function was considered good if the left ventricular end-diastolic pressure was less than 15 mm Hg and no akinetic or aneurysmal segment was present. Impaired left ventricular function was considered present when the left ventricular end-diastolic pressure was greater than 15 mm Hg or an akinetic segment was present. A left ventricular aneurysm was considered present when there was systolic paradoxical motion of a segment of left ventricular wall. To eliminate subjective bias in the interpretation of left ventricular function by ventriculography. only akinetic or aneurysmal wall motion abnormalities were considered significant. Thus, in patients reported to have "diffuse impairment of contractility," left ventricular function was considered to be good unless, in addition, the end-diastolic pressure was more than 15 mm Hg. In the early experience, determinations of left ventricular ejection fraction had been made in only a small number of the patients in this study. The term "poor" means the combination of impaired and aneurysmal ventricles. The patency of 783 vein grafts in 452 of the patients in this study had been determined at a median followup interval of 53 months (range 0-128 months). The overall graft patency rate was 77.7% (608 of 783).
Previous evaluation of progression of native coronary disease, patterns of graft patency and vein graft pathology have been reported for many of the patients included in this study.'l [7] [8] [9] We considered incorporating the graft patency data into the definition and analysis of residual disease in this study, but these data were not used because the precise time of graft occlusion before recatheterization or autopsy, and thus the duration of the potential influence of the graft on survival while it was functioning, was unknown in most patients.
Furthermore, in an earlier report that included the first 703 men in the present study, vein graft patency in the initial experience was 90.5% during 1968-1971 and 84.3% during 1971-1972. Overall patency was 88.6%. Thus, in the earlier group, which had a higher early and late mortality rate, graft patency was higher. Therefore, we felt that graft occlusion could be excluded as a cause of the higher mortality rate in patients operated on during 1968-1971.
However, to further evaluate the role of graft occlusion as an independent variable affecting survival, the 718 CIRCULATION _ I 452 patients who had undergone graft patency determinations were compared with the remaining patients with respect to age at operation, number of diseased vessels preoperatively, preoperative left ventricular function, period of surgery and the number of residual lesions after operation. To determine the similarity between the group evaluated for patency and the group not evaluated, two-way contingency tables were constructed for group membership by these variables. The hypothesis of no difference between the groups in the distribution of a clinical or demographic variable was tested using the chi-square test statistic. The two groups differed significantly for only one variable: The restudied group had fewer grafts to the left circumflex coronary artery. When graft occlusion was considered in the definition of residual disease in the 452 restudied patients, the magnitude of graft occlusion was insufficient to influence significantly the prevalence of residual disease as defined originally. The results this analysis suggested that the assessment of residual disease without regard to graft patency would have no significant influence on the results of this study, at the level of graft patency achieved in this series of patients. The fate of the patients was determined at least 5 years after operation by questionnaire, office visit, telephone calls or private investigator. Complete follow-up was obtained for 1221 of the patients (95.9%). From these data, total mortality was determined. Whenever possible, the cause of death also was determined. Some deaths were due to noncardiac causes; cancer in 21 patients, stroke in 14 and accidents in three. All deaths not known definitely to be due to another cause were considered to be cardiac.
The survival data of the 492 patients with two-vessel disease and the 408 patients with three-vessel disease were analyzed by Kaplan-Meier curves of survival probability and Cox multivariate analysis. These analyses were restricted to patients with twoor threevessel disease because all patients with one-vessel disease received a graft, and therefore had no residual disease by the definition used and because the group with left main coronary disease, reported previously in detail,10 was considered to represent a population distinctly different from patients with one-, twoor threevessel disease.
The Kaplan-Meier estimate of the survival curves is given by the equation t m P(t) I (1 - where P(t) = the probability of survival to time interval t, m. = the number of deaths in the ith interval and n, = the number at risk of dying in the ith interval, including those lost to follow-up during the interval i. Each term in this product is the conditional probability of surviving the interval i given survival up to that time.
A stepwise nonlinear regression algorithm for the Cox proportional hazards model was used to select variables that significantly affected survival among the patients in the series. The formulation of this model is (1968-1972 or 1972-1974) , and number and site by vessel of residual lesions after operation. The analyses were performed with and then without inclusion of the patients with left ventricular aneurysms.
Results
The perioperative mortality and overall 5-year survival rates (which include perioperative mortality) are shown in tables 2 and 3. Although overall survival improved with increasing experience in all categories of disease, the change in outcome in the patients with three-vessel disease was the most noticeable. 3). Thus, residual disease had no influence on survival (p > 0.05) in patients with good ventricular function, whereas in patients with poor left ventricular function, the presence of one residual lesion was associated with marked depression of survival, with an 84.5% vs 52.6% 5-year survival probability (p < 0.005).
The patients who had three-vessel disease and good left ventricular function with no residual disease achieved a 5-year survival probability of 92.0%, the patients with one residual lesion an 83.4% probability, and the patients with two residual lesions a 75.0% survival probability ( fig. 4 ). These survival probabilities each were highly significantly different from one another (p < 0.005). In the patients with poor left ventricular function, survival was even worse in patients with residual disease (fig. 5 ). The patients with no residual disease achieved a 5-year survival probability of 83. 1%, the patients with one residual lesion 72.5% and the patients with two residual lesions had a severely depressed 5-year survival probability of 23. 1%. These rates were all highly significantly different (p < 0.005). The univariate and multivariate results of the Cox analysis for the patients with two-and three-vessel disease, including patients with a left ventricular aneurysm, are shown in tables 4 and 5.
The stepwise multivariate results and final parameter estimates (table 5) indicated, in order of importance, the predictive value of two residual lesions, age at operation, the presence of left ventricular aneurysm. impaired left ventricular function and one residual lesion. The number of vessels diseased and the time of operation were not predictors of overall survival. The results of analysis with specification of the individual vessels involved with residual disease are shown in tables 4 and 6 and indicate the importance of left anterior descending residual disease, age at operation, circumflex residual disease, aneurysm or impairment of the left ventricle and right coronary artery residual disease, in that order.
Because of the possibility that the impaired survival known to be associated with the presence of a left ventricular aneurysm and the higher frequency of total occlusion of the left anterior descending coronary artery with aneurysms may have been responsible for the dominant role of left anterior descending coronary residual disease, all of the foregoing analyses Overall survival is analyzed (perioperative and late mortality). Abbreviations: LV = left ventricular; RCA = right coronary artery; LAD = left anterior descending coronary artery; LCA = left coronary artery.
were repeated, excluding the 41 patients with twoand three-vessel disease who had left ventricular aneurysms.
Comparison of the results shown in tables 4-6 and 7-9 suggest that the presence of a left ventricular aneurysm was an independent contributor to prediction of survival, independent of all types of residual disease, including left anterior descending and circumflex residual disease, and the residual disease itself was a separate and independent contributor to prediction of survival, even in patients with left ventricular aneurysms.
Improved perioperative mortality and overall survival occurred in the later surgical period and surgical period had appeared as a significant variable in the univariate but not multivariate analyses. Therefore, further evaluation of the influence of period of surgery was performed to determine whether factors related to improved management in the later surgical experience were responsible for the improved survival rate rather than residual disease.
Cox analysis was performed and was restricted to patients whose survival had been influenced by residual disease, i.e., patients with two-vessel disease and poor ventricles and all patients with three-vessel disease. The results of these analyses are shown in tables 10-13. Overall survival in these subgroups was affected independently by time period of surgery and by residual disease. However, late mortality was predicted by residual disease but not by time period (tables 12 and 13). Thus, residual disease was further confirmed to be an independent variable affecting both perioperative and late mortality.
Discussion
The fundamental hypothesis tested in this study was whether the presence of a bypass graft attached distal to a severe coronary stenosis removes or reduces, to a significant degree, the known adverse influence of that lesion on survival. This hypothesis is central to the concepts of completeness of revascularization and residual disease.
The observation confirmed by this study, that survival was inversely related to the extent of residual disease and that residual disease was the strongest predictor of survival after operation, suggests that the presence of a bypass graft did have a favorable influence on survival. This conclusion is supported also by the fact that postoperative survival correlated better with the extent of residual disease than with the preop- No 4, OCToBER 1982 erative extent of coronary disease, which was not predictive of survival in this group of patients after operation. Thus, regardless of the extent of preoperative disease, the 5-year survival rates of all well-revascularized patients with good left ventricular function were similar, about 90%. This is in contrast to the The results of this study suggest that residual disease of the left anterior descending and circumflex coronary arteries had the most deleterious influence on survival. The influence on survival of residual disease of the right coronary artery was of a lesser magnitude.
These findings are consistent with those of previous reports of the natural history of patients with coronary artery disease and of the influence of surgery on survival. Medically treated patients with isolated disease of the right coronary artery have been reported to experience better long-term survival than those who have disease of the proximal left anterior descending coronary artery.15V-7
In the European Coronary Surgery Study Group report,"4 medically treated surgical candidate patients with two-vessel disease and involvement of the proximal left anterior descending coronary artery had a 5year survival of 82%, compared with 96% for patients without such involvement.
In another study,5 improved survival rates after operation were reported in patients with one-vessel disease involving the left anterior descending coronary artery but not after revascularization of the right or circumflex coronary artery.
Because of the use of a simplified classification of coronary disease into four major vessel systems and the fact that no more than three grafts were placed in any patient, we do not know what should be the maximum number of grafts placed to achieve optimal survival. However, in the European Coronary Surgery Study,'4 a randomized prospective study, the average number of grafts placed per patient was 1.9 in the two-vessel disease group and 2.4 in the three-vessel disease group. These figures are identical to those of the corresponding groups in the present study during 1972-1974 (table 1). All patients in this randomized prospective study had excellent left ventricular function (ejection fraction > 50%). The 5-year survival rates were 94.9% for three-vessel disease treated surgically and 84.8% for that treated medically. For twovessel disease, the corresponding figures were 91.6% and 87.5%. While the absolute surgical survival rates were excellent, only the three-vessel disease group treated surgically had a statistically superior survival compared with the medical group.
The results of this randomized prospective study tend to confirm the concept that the major benefit in terms of enhanced survival is achieved with the first two or three bypass grafts placed to the major vessels. The value of additional grafts in improving survival may be difficult to prove in patients with good left ventricular function, in whom such high survival rates have been achieved with only two to three grafts. The lack of difference in survival for patients with twovessel disease and an ejection fraction > 50% also is consistent with the finding in the present study that extent of residual disease had no influence on the survival of patients with two-vessel disease and good left ventricular function. The relationship of residual disease to the relief of angina pectoris and the frequency of recurrence of angina was not analyzed in this study. However, the clinical results reported previously for these patients appear to be comparable to those of series in which more grafts have been placed.' 9 23 This study confirms observations" 6 9 that residual disease affects survival and contradicts earlier studies suggesting a lack of such influence.24 However, unlike previous reports, this study demonstrates the dominant and independent roles of both the extent and site of residual disease. The results emphasize the importance of achieving adequate revascularization of obstructed major branches of the left coronary system.
While we have advocated the concept of complete revascularization for over a decade,' these results, along with data from previous long-term clinical, survival, graft patency and graft pathology studies,7-10 25. 26 encourage us to continue our approach of attempting revascularization of the major vessels systems using a maximum of three to four separate grafts. We believe that evidence for any benefit from additional grafts has not been demonstrated and that sequential or "snake" techniques often used for such multiple procedures carry unacceptable risks of failure in the 5-10-year period after operation.
